Introduction
Nowadays, the lithiasis disease is one of the most common pathologies in urological praxis, having been described since antiquity. The main process of lithiasis takes place in the kidneys, after which the calculi can migrate along the ureter towards the bladder and finally be eliminated through the urethra. Sometimes the urinary tract infections (UTI) facilitate the lithogenesis, or the lithiasis can coexist with the infection. In some cases the calculi are infection related with struvite or carbonate apatite composition (1) . Urological practice has demonstrated the existence of struvite calculi (magnesium ammonium phosphate) in the urinary tract, mainly due to their production by the Gram-negative bacteria; however, we have little data regarding the situation of other types of calculi and their relation to the UTI, especially if these calculi are infected. Previous studies showed that calcium oxalate, cystine and uric acid can be present within UTI (2) .
Some clinical issues can be developed by urinary calculi, such as pyonephrosis, UTI with sepsis or renal deterioration (3, 4) . The persistence of upper urinary tract lithiasis can lead to hydronephrosis, which promotes local kidney complications such as total parenchyma destruction, including infections (5) . Because of these consequences, a close medical follow-up of the patients is mandatory, with complete antibiotic prophylaxis and removal of the calculi (6) .
The calculi produced by urinary tract infections are described to be in conjunction with some urease producing bacteria such as Klebsiella spp. and especially Proteus spp. which has the ability to form crystals inside the host cells (7) , but other bacterial species such as Pseudomonas spp., Escherichia coli or Staphylococcus aureus are also involved in nephrolithiasis (8) . After calculi development, the germs can survive in the inorganic matrix, where the antibiotics do not penetrate, thus the persistent infection can determine the growth of calculi in all the kidney cavities (calyx, pelvis) in time of weeks or months (9) . Several studies showed that the urinary lithiasis can be induced by chronic or persistent UTI (so-called "infection-induced stones"). In contrast, there is a similar strong evidence that the presence of calculi are risk factors for UTI (so-called "stones with subsequent infections") (7, 8, 10) . In these situations, the bacteria from calculi and urine are the same. Of course, there is the possibility for the same patient to have different germs in midstream urine and in calculus.
Purpose
The main purpose was to assess the germ discrepancy/similarity in calculus vs urine culture for patients who underwent percutaneous nephrolithotomy (PNL) for non-struvite nephrolithiasis.
Material and methods
In our prospective study, we evaluated patients with renal calculi, who underwent minimal invasive treatment for nephrolithiasis in the Urology Clinic of The Clinical County Hospital of Tîrgu Mureș, over a period of 12 months, from February 2013 to January 2014. The study was conducted according to the Declaration of Helsinki, being approved by the local hospital administration and by the patients, the surgical procedure being part of the nephrolithiasis management.
We have included 132 adult Caucasian patients residing in our geographic region, with de novo or recurrent renal lithiasis, subjects for PNL, who presented symptoms of nephrolithiasis (flank pain) associated or not with uncomplicated lower UTI (dysuria, frequency and urgency) (11) . We have excluded 12 cases that were subjected for PNL, due to the presence of indwelling catheter (such as ureteral double 'j' or uretro-vesical catheter), of struvite calculi or with prior antibiotic use (last two weeks), as well as 5 cases with associated lower urinary tract lithiasis, as a possibly associated transient asymptomatic bacteriuria could lead to upper calculi colonization. Because of the high risk of sepsis or bacteraemia following the surgical intervention, a perioperative prophylactic treatment was performed according to the European Guidelines of Urology (12) , using a second generation cephalosporin, which was administered intravenously at the time of the induction of the anaesthesia. Due to the risk of fever associated to infective complications following nephrolithotomy, even with sterile preoperative urinary culture and perioperative antibiotic prophylaxis (13), the same antibiotic was administered until the bacteriological urine culture results were received.
The PNL was chosen as a therapeutic method, as it also allowed us to harvest the renal stones in aseptic conditions. Basically, after an indwelling ureteral catheter was set, with the patient in prone position, we punctured the postero-inferior calyx of the kidney under fluoroscopic control; the contrast substance and 10% methylene blue solution were simultaneously injected through the ureteral catheter. The presence of methylene blue in the puncture liquid signified a proper procedure. Afterwards, we created a nephrostomy pathway, and then we performed the lithotripsy in situ with the nephroscope and extracted the resulted calculi fragments. At the end of the intervention, a nephrostomy catheter was set to be removed after 2 or 3 days. The collected calculi fragments were gently washed several times in sterile saline, in order to remove the methylene blue, which could interfere with the bacteriological results by inhibiting the bacterial growth; the calculi were then processed for bacteriological examination and chemical analysis. Based on the chemical analysis results, the patients with struvite urolithiasis were excluded.
The chemical analysis of calculi was performed by using macro-and microscopic examination (Elerom photomicroscope, 3,4X) followed by their chemical processing. This analysis was performed in glass test tubes or porcelain capsules, using the powder obtained by smashing the stones in a mortar with a pestle. The following compounds of the calculi were identified by colour changes in the mixed substances: oxalate (discoloration of violet solution of 1 mL 5% H 2 SO 4 and 2 drops of 1‰ KMnO 4 after heating), phosphate (yellow precipitate after adding and heating a few drops of HNO 3 1.42 g/mL and 1 mL of 5% ammonium molybdate), urate (red color after adding a few drops of HNO 3 1.42 g/mL, then violet after adding a drop of 25% NH 3 and a drop of 10% NaOH), xanthine (yellow color after adding a few drops of HNO 3 1.42 g/mL, and no color change after adding NaOH) and cystine (black precipitate adding and boiling 1 mL 10% NaOH and 2 drops of Pb(CH 3 COO) 2 ).
Mid-stream urine samples were also collected from each patient, before administrating any antibiotics, in the same day with the surgical intervention.
The calculi and urine samples were analyzed in the suitable culture media for identification of aerobic bacteria. Each calculus fragment was vortexed in nutrient broth and then inoculated on agar plates with 10 µl sterile loop. The urine samples were processed according to the urine culture internal protocol. The bacteriological results were considered positive for urine in case of growth over 100,000 CFU/mL after 24h of incubation. We excluded all the results with more than three bacterial types from urine, suspecting contamination. The calculi from which no growth was achieved after direct inoculation, were examined again after enrichment in nutrient broth for up to five days. All bacteria isolated from renal calculi, regardless of their number, were identified.
The bacterial identification was performed using standard biochemical methods and when necessary by Biomerieux® Vitek 2 Compact system. The antibiotic susceptibility profile was evaluated for each clinically-relevant isolated bacteria using the CLSI 2013 standard, by disk diffusion and by Biomerieux® Vitek 2 Compact system when necessary.
We followed aspects regarding the proportion of the urinary tract infections, the infected calculi and their etiological correlation, antibiotic susceptibility, and clinical findings such as the degree of hydronephrosis or the calculi localization.
The phenotypic similarity was achieved by comparing the antibiotic susceptibility pattern of the bacterial isolates from calculi and urine, with a relatively good discrimination power (14) . We considered that two bacterial strains are likely identical when the antibiotic susceptibility pattern concordance was over 85% (different susceptibility reported in no more than one antibiotic) or identical when the concordance was 100%.
The urinalysis was used in order to support the UTI diagnosis and differentiate it by the asymptomatic bacteriuria or urine contamination. The urinalysis was performed using LabStrip, U11Strip tests.
The statistical tests (chi-square, comparison of proportions) were calculated using GraphPad InStat3 and Medcalc software, two-tailed, with a significance level alpha of 0.05.
Results
We evaluated 132 patients with renal non-struvite calculi. Most calculi were located to renal pelvis site (103 cases; 78%), renal pelvis + inferior calyx (ICX) (13 cases; 9.8%) and ICX solely (12 cases; 9.1%). Other locations such as renal pelvis + medium calyx (MCX), MCX, ICX-+MCX and superior calyx (SCX) hosted calculi in one case each (0.8%). The calculi sizes were between 2 and 5 cm, with a mean of 3.4±0.9 cm. All cases were complicated with hydronephrosis in different stages, the most predominant being the 2 nd and 3 rd stage: 58 cases (43.9%) and 56 cases (42.4%) respectively.
The genders were almost equally represented, with a slight predominance of females (68 cases; 51.5%). However, the percentage of contaminated calculi was higher in females than in males (34 cases; 50% vs 14 cases; 21.9%), with p < 0.05 (OR = 3.571; 1.670 -7.636 at 95% Confidence Interval). In females, we also found a higher bacteriological diversity (10 bacterial and yeast species) than in males (4 bacterial species).
The renal lithiasis was more predominant in the 60-69 year age group (40 cases; 30.3%) followed by 40-49 year (35 cases; 26.5%) and 50-59 year (29 cases; 22%) age groups. The average age was similar among genders (53 years old) with wider extremities in females (20 to 80 years old).
From the total of 132 calculi, 84 (63.6%) showed no bacterial growth after 5 days of incubation in nutrient broth, whereas 48 (36.4%) presented positive cultures, with high microbial diversity (12 genera consisting in Gram-negative and -positive bacteria, but also yeasts). As we will state in the discussions section, we considered part of the isolated bacteria as contaminants due to their growth only after enrichment, at 5 days of incubation. Thus, 32 calculi (24.2%) were considered infected; the actual situation regarding the pathogens found in urine/calculi can be followed in Table I . The total number of positive cultures was 34 for urine (25.8% of total urine samples). The Enterobacteriaceae family represented the most predominant bacteria both from calculi (20 cases; 62.5%) and urine culture (21 cases; 63.6%).
There is a significant relation between the presence of colonized calculi and UTI (p < 0.05). In 27 cases (20.5% of all cases or 84.4% of the calculi with positive culture) the presence of colonized calculi was associated with positive urine samples, and within these, the same bacterial species were identified (27 cases; 100%). From these, the phenotypic similarity showed likely identical bacteria in 24 cases and identical bacteria in 19 cases (88.9%, respectively 70.4% of the cases with positive culture from calculi and urine). In a small number (7 cases; 5.3% of total samples), the urine culture was positive with sterile calculi, the identified bacteria being Escherichia coli (3 cases) and one of each: Enterococcus faecalis, Candida albicans, Pseudomonas aeruginosa and Staphylococcus saprophyticus. Conversely, negative urine cultures with positive calculi culture were found in 5 cases (3.8% of total samples): Pseudomonas aeruginosa (2 cases) and singular cases of the following: Candida albicans, Escherichia coli and Proteus mirabilis.
The remaining 93 cases (70.4%) were considered sterile both for calculi and urine, as 14 CoNS, one Chryseobacterium indologenes and Leuconostoc pseudomesenteroides were isolated and identified from calculi only after 5 days of incubation in enrichment media, thus being considered contaminants.
The antibiotic susceptibility of enterobacteria showed a mild to low resistance profile, with the highest resistance towards ampicillin and tetracycline, both for the isolates from calculi and urine ( Figure 1 ). Small differences were found in the antibiotic resistance patterns between the isolates from calculi and urine (Table II) . The enterobacteria from calculi were more resistant to fluoroquinolones and trimethoprim-sulfamethoxazole, while those from urine were more resistant to cephalosporins. In one case, Klebsiella pneumoniae was identified in both sites, but with extended spectrum beta-lactamase (ESBL) profile from urine, with a phenotypic similarity of 54.5%.
One patient presented methicillin-resistant CoNS: S. cohnii isolated both from calculi and urine, with sensitivity to gentamycin, levofloxacin, nitrofurantoin, vancomycin and linezolid.
Discussions
The bacteriological examination of calculi is not a routine procedure in our clinic; this might be because the presence of bacteria in the urinary tract system is commonly evaluat- Figure 1 . Antibiotic susceptibility in Enterobacteriaceae isolated from calculi ed through urine culture. However, we consider that the microbiological investigation of the calculi may be an important investigation, as the bacteria that colonize the calculi can induce bacteriuria/UTI, or even inflammatory response syndrome and sepsis when certain conditions are met (15) . The presence of this association, left without an adequate treatment (such as the calculi-free status and proper antibiotherapy) can lead patients to develop recurrence of urolithiasis or even struvite urolithiasis, with wellknown consequences for the urinary system and for the entire human body. There are reviews that confirm the development of symptomatic bacteriuria after extracorporeal lithotripsy, were the single possible bacterial source was the fragmented calculi (16, 17) .
The results in our survey revealed about 24% of calculi as infected and about 25% positive urine samples at the time of the surgical procedure, with women patients being the most affected, as it was also shown by Roushani et al (18) . Though there is a significant relation between the presence of calculi and UTI, it is not certain which one is the cause and which is the effect, as in the principle "which was the first: the chicken or the egg?". In some situations the chemical contents of calculi may indicate the etiology of calculi, as a chronic UTI can induce the development of magnesium ammonium phosphate based calculi, whereas newer studies presented other types of calculi as well, following UTI (10, 19) . The urinary calculi are developed mostly de novo in renal site (20) . The bladder calculi are specific in elderly patients, with urinary retention due to enlarged prostate or neurogenic bladder (21), while our patients were middle-aged to 53.
More often, bacteria reach the renal site (pelvis, calyx) by retrograde pathway such as the ureter, in lower UTI (cystitis) or secondary to endoscopic interventions (22, 23) . The hematological dissemination as antegrade pathway is described mostly within yeast bacteremia (24) . As the antibiotic therapy and prophylaxis is widely used nowadays, the hematological dissemination of bacteria in patients with bacteremia towards renal sites is practically absent (22) . Most of the CoNS were identified from calculi only after enrichment in the nutrient broth, both the primary calculi cultures and urine cultures being negative. Only in one case, in which methicillin-resistant Staphylococcus cohnii was identified both from urine and calculi, the antibiotic susceptibility pattern showed a similarity of 100% and positive urine markers (positive leukocytes, red blood cells and proteins). This made us consider that all the CoNS except for the one previously described were external contaminants of the calculi. Nevertheless, there are few studies which found CoNS as real etiological agents in UTI and calculi, especially when prosthetic devices were inserted (25, 26) . Similar to CoNS, Chryseobacterium indologenes and Leuconostoc pseudomesenteroides were identified only after enrichment, so we also interpreted them as external contaminants. In the one case of colonized calculus with Candida albicans, the culture was positive after 24 hours from primary inoculation. This calculus had a particular macroscopic aspect in comparison to the rest of the calculi: it was porous and brittle, composed only of calcium phosphate, was located in renal pelvis and associated with grade III hydronephrosis. It is known that Candida is among the few microorganisms that can induce antegrade UTI from the bloodstream (24) , thus it could have led to calculus colonization in our case. Multiple colonization is also possible, as in one described case in which E. coli, Pseudomonas spp., Enterococcus spp., and Enterobacter cloacae were all together found from direct calculus culture (27) .
Thus, excluding the possible contaminants, the top bacteria with clinical importance recovered from calculi became E. coli and Pseudomonas spp. A similar study in our area from 2011 revealed the same etiology (28) . Interestingly, E. coli and Pseudomonas spp., which are bacteria without urease activity are the most frequently found within our patients. As a limitation of the study we have to mention that we did not use additional diagnostic methods (Ureaplasma/Mycoplasma identification systems, molecular biology), thus the results will reflect only the statistics regarding the classical diagnostic methods. Nevertheless, our results are similar to those presented in other studies (10), but Shafi et al. who assessed the non-cultivable germs, described Ureaplasma urealyticum as the main microorganism that caused UTI associated to urolithiasis (29) . Additional procedures, as Gram stained smears from calculi, may help to confirm the positive cultures, as this method seems to have a good specificity (30) .
Following the urine cultures in the context of urolithiasis, the calculi were either colonized with the same bacteria found in urine or were sterile. The antibiogram typing is shown to have a relatively good discrimination power and can be used in preliminary statistics, prior to more specific methods as biotyping, ribotyping or other molecular typing methods (14) . There was a good similarity between the antibiotic susceptibility pattern of the bacteria found in calculi and urine, of over 70%, but there were also some phenotypical differences, even if the bacterial species were the same; thus, the antibiotic susceptibility testing only from urine samples may not be enough for adequate management of infectious calculi and UTI. By leaving out the samples that became positive only after enrichment in the nutrient broth, only a few cases remain with sterile urine and colonized calculi; this makes us consider that initially the calculi were sustaining an upper UTI, and following it, some calculi may have remained colonized (by the persistence of bacteria in the inorganic matrix of the calculi) even after the treatment of UTI. As previously mentioned, these colonized calculi could be a trigger for further UTI, spontaneously or after non-invasive procedures such as extracorporeal lithotripsy. Thus, the study brings some arguments for the need of an adequate antibiotic therapy and perioperative prophylaxis, with efficacy on bacteria both from calculi and urine, in order to prevent the recurrence or development of new urinary infectious episodes with calculi starting point, as well as the formation of new renal calculi. Though we have found 31% resistant enterobacteria to 2 nd generation cephalosporins, this class of antibiotics is the best choice for prophylaxis; according to our results, an alternative would be the aminoglycosides, but not the fluoroquinolones. Further studies are required to establish if a protocol adaptation on PNL prophylaxis is needed in our area.
In Romania there are limited studies that evaluate the presence of bacteria simultaneously in upper and lower urinary tract in patients with urolithiasis and the concordance between urinary tract infection and renal lithiasis. Thus, this study, even with the limitation of using phenotypical methods for bacterial similarity checking, brings new and clinically relevant information in urolithiasis field.
Conclusions
The data from our study revealed the presence of calculi infection even if the composition is not struvite. The presence of bacteria both in calculi and urine at the same patient may or may not require multiple antibiotherapy, depending on the each bacteria's antibiotic susceptibility. We found that in most of the cases, the same bacteria is found both in calculi and urine, and 70.4% of them were phenotypically identical. We also found that in 3.8% of cases, the calculi are infected/colonized and the urine is sterile. Therefore, the bacteriological examination of calculi associated with bacteriological examination of urine samples has a major implication in the proper treatment and prophylaxis of UTI and renal calculi. This aspect is an important one, especially for the patients with recurrence of this kind of pathologies. Further studies, based on larger groups of patients with urolithiasis, are required to obtain more precise information upon the association of UTI and calculi and to assess the proper prophylaxis regimen in our geographic area. 
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